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(57) ABSTRACT

An embodiment includes a system for preparing fusion of
joints, such as joints 1n the toes or fingers of an animal such
as a human. The system may include one or more of
complementary ball and socket joint reamers. A reamer may
be separable from an intramedullary fixation rod. The rod
may include channels to prevent rotation of the rod once
implanted in bone. Other embodiments are discussed herein.
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METHOD AND APPARATUS FOR
PREPARING AND KFUSION OF SMALL
JOINTS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/370,859, filed Feb. 10, 2012 and entitled
“Method and Apparatus for Preparing and Fusion of Small
Joints”, which claims priority to U.S. Provisional Patent
Application No. 61/462,938 filed on Feb. 10, 2011 entitled
“Method and Apparatus for Preparing and Fusion of Small
Joints”. Both of these applications are hereby incorporated
by reference.

BACKGROUND

Embodiments of the invention relate to the field of
orthopedic surgery where joints (e.g., joints of the fingers
and toes) may require surgical fusion. In particular, embodi-
ments of the invention concern a set ol devices that can
prepare these joints for approximation i a ball-and-socket
manner and then secure said joints to achieve fusion.

It 1s common 1n the field of orthopedic surgery to perform
procedures on the small joints that make up the digits of the
hands and feet. Specific disease patterns may aflect the joints
between phalanges (fingers or toes) causing pain and defor-
mity. These interphalangeal joints, as they are known, can
become destroyed from various processes. For example
rheumatoid arthritis can cause rapid degeneration of the
cartilage on either side of the joint due to repeated and
continued inflammatory episodes. Another example 1s the
contraction and subsequent subluxation seen 1n long stand-
ing “hammer toe” deformities, whereby the structures mak-
ing up the joint permanently adapt to malposition. Once an
interphalangeal joint 1s destroyed, or permanently altered, 1t
1s often the case that fusion of the joint 1s required. Arthro-
desis, the fusion of two bones together, mnvolves removing
the cartilage or other material between bone ends, and
permanently athixing the underlying cancellous bone mate-
rial of adjacent bones together. This surgical procedure
provides the benefit of pain and deformity relief, and pre-
vention of return to the disease (inflammatory or malposi-
tion) state.

The optimal result of digital arthrodesis 1s permanent pain
relief and deformity correction. In the course of surgical
fusion the joint must be approached, disarticulated, pre-
pared, and athixed. There are common approaches to the
digit that are known by those skilled in the art that are
essential to avoid neurovascular embarrassment and digit
compromise. Generally this includes an incision on the
dorsal surface of the aflected digit, between the neurovas-
cular bundles and above the tendinous structures. Disarticu-
lation 1s the process of transection of the tendinous and
ligamentous structures that maintain the joint. Sectioning of
the collateral ligaments and joint capsule allows the surgeon
entry to the joint. Once the joint 1s disarticulated, the ends
of the bones, specifically their cartilaginous surfaces,
become evident. It 1s necessary to then remove the cartilage
from the ends of the adjacent bones to expose the underlying
vascular or cancellous region. This 1s done through mechani-
cal means, either by manual mstrumentation or high-speed
micro-saws. After the cartilage 1s removed, the bone ends
are brought into approximation so the digit i1s aligned
anatomically and afthxed through one or more means.
Finally, the soft tissue structures of the joint are reassembled.
Fusion then occurs as the body forms new vascular channels
between the apposed bone over the subsequent six to ten
weeks.
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Successiul fusion of bone ends may depend on three
factors: preparation, apposition and stabilization. Any inter-
vening material must be sufliciently removed from the
interface between the two bone surfaces without damaging
the surface leit behind. The ends of the bones may be in
direct approximation such that new bone forming cells can
bridge the gap. Additionally movement between the bones
must be sufliciently below a threshold that delicate blood
vessel and ultimately bone tissue formation can occur. This
motion restriction may be maintained throughout the period
of bone healing. To achieve this result attention must be paid
to the manner of joint preparation and apposition.

Micro-surgical saws are high speed instruments designed
to cut planar or flat surfaces. The instrument 1s commonly
used in digital arthrodesis since 1t can rapidly remove the
bone ends. There are some drawbacks to use of these
machines. For example, excessive heat generation may
occur when high speed instrumentation 1s used, causing
bone cell death at the fusion interface. If enough of these
cells are compromised the fusion can potentially fail, lead-
ing to the development of pseudoarthrosis, or ‘nonunion,’ as
it 1s known. Additionally, these micro-saws are designed to
produce planar (tlat) cuts of bone ends. The intent 1s to then
bring these flat surfaces together and have them approximate
so that the ends are flush and completely coapted. The user
1s compelled to create co-planar bone cuts free-hand, since
there are no j1gs or cutting guides for this type of procedure.
It 1s often difficult to freely make co-planar cuts pertectly
such that the bone ends approximate exactly and the digital
alignment 1s anatomic. As a result of imperfect joint appo-
sition, the surgeon must remove additional bone to achieve
a flush fit of the bone ends. This may lead to an excessively
shortened digit.

Hand instrumentation can be of benefit since the slower
process of joint preparation will likely not produce enough
heat to cause bone cell death. A rongeur can adequately
remove the cartilage from the joint. This mstrument consists
of two opposing jaws that clamp down on the cartilage and
bone, grasping portions and detaching them. Alternatively a
surgeon may use a bone nipper, a straight edged forcep
designed to cut a planar surface while removing cartilage
and bone material. These instruments can be used to remove
very small portions of bone so as not to overly shorten a
digit.

With repeated use a surgeon may become adept at using
these instruments. However the use of hand instrumentation
may lead to increased operative times since such procedures
require a great deal of dexterity and repetitious movements.
Additionally, these types of instruments are designed for
multiple uses. However, as with all cutting edges, repeated
use can dull the instrument, leading to imperfect cutting
surfaces. The user then has to use additional force to remove
bone, potentially causing damage to the cells left behind
from the crushing eflect of a blunt vice across the bone end.

Digital arthrodesis requires fixation to maintain bone
approximation throughout the healing process. One example
of fixation includes intramedullary stabilization using
smooth steel wires, or ‘Kirschner wires,” as they are known.
These steel wires are introduced from within the arthrodesis
site using a variable speed drll and protrude out of the end
of the digit after the surgical procedure. They are meant to
be removed after several weeks, upon completion of the
fusion. They run down the central medullary canal of the
bones, maintaining the apposition that the user creates while
the bones fuse to one another. The wires stay 1n position
because of friction forces from the bone in which it seats.
Being perfectly smooth, often these wires will rotate
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throughout the healing process. This can create irritation at
the skin interface, leading to pain, wire loosening, and
possibly infection. Occasionally these wires may be inad-
vertently disrupted from a pulling force along their axis,
such as seen with removing a sock or other dressing. This 1s
because there 1s no stop measure to prevent axial distraction,
such as a locking screw or other mechanism. Additionally,
since these wires are pertectly smooth they generally cannot
prevent rotation of one bone on another 1n the several weeks
required for fusion.

One other method includes intraosseous loop fixation
using fine gauge surgical steel suture. This method provides
stability against bone rotation. Since the wires are buried
inside the body the problem of mnadvertent pulling of the
fixation material 1s alleviated. However the placement of
such small loops provides little stability against flexion
forces and 1s often problematic since the procedure 1is
lengthy, requires pre-drilling holes and sturdy bone sub-
stance to hold the suture. Consequently this method 1s less
preferred over other methods of fixation.

Yet another method of small bone fixation 1s seen 1n
devices that achieve bone stability yet are buried inside of
the medullary canal of the small bones. These devices are
intended to remain implanted permanently. They generally
remain 1n place due to metal relaxation and deformation
upon heating (memory-metal alloys), geometric fastening
(arrow-head type device), or permanent adjoining (e.g.,
snap-together.) One skilled 1n the art of small bone surgery
quickly realizes that often there 1s a need for removal of such
devices, such as in cases of infection, intlammation, allergic
reactions, malumion, and nonunions. Removal of these
devices requires destruction of the surrounding bone to
loosen the attachment of the implant. Since these devices
cannot be retrieved without significant bone loss 1t becomes
obvious that there 1s an advantage provided by fixation that
1s easily removed without additional bone removal.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described embodiments of the mvention in
general terms, reference will now be made to the accompa-
nying drawing, which are not necessarily drawn to scale, and
wherein:

FIG. 1 1s a drawing showing a side view of one embodi-
ment of a set of reamers, specifically a double-trocar tipped
wire with a dome shaped cutting tool athxed to one end and
notches 1n the smooth wire at specific intervals. The dome
tool 1s preceded by a segment of wire.

FI1G. 2 1s a drawing showing an 1sometric view of the wire
of FIG. 1 demonstrating the cutting surface of the dome to
be radially disposed along the axis of the wire.

FI1G. 3 1s a drawing showing one embodiment of the dome
cutting surface wherein the cutting flutes are arranged such
that upon rotation bone particles will be dispersed to the
periphery along new bone to be cut by the flutes.

FIG. 4 1s a drawing showing the inferior side of the dome
surface where the flutes continue to the perimeter allowing
bone particles to escape behind the cutting surface.

FIG. 5 1s a drawing showing a side view of one embodi-
ment of a set of reamers, specifically a double-trocar tipped
wire with a cup shaped cutting tool athixed to one end and
notches 1n the smooth wire at specific intervals.

FIG. 6 1s a drawing showing an 1sometric view of the wire
of FIG. § demonstrating the cutting surface of the cup to be
radially disposed along the axis of the wire. The cup 1s
preceded by a segment of wire.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 7 1s a drawing showing the bottom view of the cup
cutting surface with open channels for bone to escape during

the cutting process.

FIG. 8 1s a drawing showing the top view of the cup
cutting surface with cutting flutes radially disposed of along
the 1nternal cup surface.

FIG. 9 1s a drawing depicting the joints of a toe as they
naturally articulate with each other.

FIGS. 10q and 105 are drawings showing, in one embodi-
ment, a cup reamer placed 1n contact with one side of a joint,
specifically the proximal bone, and the resultant curved
surface left behind after cutting.

FIGS. 11a and 115 are drawings showing, in one embodi-
ment, a dome reamer placed in contact with one side of a
joint, specifically the distal bone, and the resultant curved
surface left behind after cutting.

FIG. 12 1s a drawing depicting apposition of the bone ends
alter cutting.

FIG. 13 1s a drawing showing the joint surfaces as
prepared and pre-drilled for intramedullary fixation.

FIGS. 14a and 145 are drawings showing placement of a
wire, 1n one embodiment of the invention, i the predrilled
hole and advanced out of the end of the toe to stabilize the
jomt through the healing phase.

FIG. 15 1s a drawing showing a toe 1n a final fixed position
with the mtramedullary fixation device.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth but embodiments of the invention may be practiced
without these specific details. Well-known circuits, struc-
tures and techniques have not been shown 1n detail to avoid
obscuring an understanding of this description. “An embodi-
ment”’, “various embodiments’ and the like indicate embodi-
ment(s) so described may include particular features, struc-
tures, or characteristics, but not every embodiment
necessarily includes the particular features, structures, or
characteristics. Some embodiments may have some, all, or
none of the features described for other embodiments.
“First”, “second”, “third” and the like describe a common
object and indicate different instances of like objects are
being referred to. Such adjectives do not imply objects so
described must be 1n a given sequence, either temporally,
spatially, 1n ranking, or 1n any other manner. “Connected”
may indicate elements are 1n direct physical or electrical
contact with each other and “coupled” may indicate ele-
ments co-operate or interact with each other, but they may
or may not be in direct physical or electrical contact. Also,
while similar or same numbers may be used to designate
same or similar parts 1n different figures, doing so does not
mean all figures including similar or same numbers consti-
tute a single or same embodiment.

Embodiments of the mnvention include various methods
and systems for small joint preparation that overcome the
deficiencies 1n the prior art. Various embodiments of the
invention mclude, for example: (1) a method of joint prepa-
ration that causes minimal trauma to the bone; (2) a method
ol joint preparation that allows precise amounts of bone to
be resected; (3) a method of joint preparation that permits
exact approximation of the bone ends, permitting the sur-
geon anatomic placement of the digit whilst maintaining
bone contact; (4) a method of joint preparation that uses
predictably sharp instrumentation, such as seen with single
use devices; (5) a surgical instrument that can eflectively and
accurately prepare a joint for fusion while hastening the

operative procedure; and (6) a device that can be implanted
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and used for maintaining stability of small bone ends
throughout the healing process and be explanted with ease.

Referring to an embodiment 1n FIG. 1, an orthopedic
instrument 1s used to remove tissue from the end of a bone
(e.g., toe, finger, and the like) comprising a rotatable body
having a proximal end 1, a distal end 2, a longitudinal axis
and a longitudinal bore 3 extending from said distal end to
said proximal end. The ends of said mstrument are sharp-
ened 4. Spaced at intervals along said longitudinal bore are
notches 5, alternatively arranged with respect to each other.
Referring to FIG. 2, the instrument has a drill tip 6 proximal
to said distal end 2 including tip edges 7 positioned around
said axis and disposed angularly with a plane normal to said
axis for penetrating bone; reaming edges 8 joined to said tip
edges and extending longitudinally from said tip edges to
said proximal end parallel with said axis for forming a tunnel
when said body 1s rotated 1n bone, said drill tip being tapered
in a distal direction from said reaming edges to said bore;
flute surfaces 9 disposed between said tip edges for evacu-
ating bone along said flute surfaces when said body 1is
rotated 1n bone; and an elongate shank 3 for mounting said
body to rotate said body in bone. Evaluation of the geometry
of the cutting end of the device reveals that a cup-shaped
recess would be produced upon rotation of the cutting end
against a bone. FIG. 3 demonstrates the radial appearance of
the cutting surface such that when the device rotates par-
ticulate matter will be dispersed centrifugally. FIG. 4 dem-
onstrates the inferior portion of the drll tip 6 with flutes 9
extending to the periphery to facilitate bone tissue clearance.

Referring to FIG. 5, an embodiment includes a similar
device to the embodiment 1 FIG. 1 with a corresponding
drill tip 10. Thas drill t1ip 1s athxed to a longitudinal bore 11
with similar or 1dentical dimensions as that of FIG. 1, having,
a proximal end 12, a distal end 13, sharpened ends 14, and
alternatively spaced notches 15. One can appreciate the
leading portion of the instrument 13 as it projects forward to
the cutting instrument 10. Evaluation of the geometry of the
cutting end 10 reveals that a dome-shaped recess would be
produced upon rotation of the cutting end against a bone.
Said recess would correspond to the cup shaped recess
produced by use of the device 1n FIG. 1. The concavity of
said second reamer 1s of a corresponding radius 16 to the
convexly shaped reamed surface, so that when the two bone
ends are brought into approximation a ball and socket
arrangement 1s achieved. FIG. 6 shows an 1sometric view of
the embodiment of FIG. 5, demonstrating the cutting surface
to be placed proximal to a leading segment of wire 13 such
that said segment assists the user to place the device cen-
trally 1mn the long bone to be cut, and said lead segment
projects ahead of the cutting edge of the reaming device.
FIG. 7 demonstrates the radial position of the cutting flutes
17 such that bone 1s delivered to the periphery of the device
during use. FIG. 8 depicts the inferior surface of the cutting
device of FIG. § revealing the open channel portions 18 of
said cutting device that allow bone to escape from within the
confines of the cutting area 19. The peripheral edge of the
cutting device 1s closed and beveled 20 such that the device
defines the closed area 19 1n which reaming will occur and
can bore 1nto the cutting surface peripherally.

Referring now to FI1G. 9, the normal articulations 21 of the
bones 1n the lesser toes 1s appreciated from a sagittal plane
section. The proximal phalanx 22 articulates with the middle
phalanx 23 at the interphalangeal joint 21. In this 1mage we
see the pathologic state known as a “hammer toe.” FIG. 10q
shows engagement 24 of an embodiment of a cup reamer
with the head of the proximal phalanx 22 and 106 shows the
contoured head 26 of said phalanx after use of the apparatus.
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FIG. 11a shows engagement 27 of an embodiment of a dome
reamer with the base of the middle phalanx 28 and 115
shows the contoured base 29 of said phalanx after use of the
apparatus. FIG. 12 demonstrates apposition of the bone ends
30 and one can appreciate the precise geometry of the
opposed surfaces generated by use of corresponding cutting
devices.

Referring now to FIG. 13, the approximate bone ends 26
and 29 are appreciated to be “pre-drilled” 31 by the leading
wire tip 13 and 2 respectively. Fixation 1s then accomplished
in the manner depicted 1n FIGS. 14a and 145, using the wire
of the embodiments of FIG. 1 and FIG. 5 whilst aflixed to
a driving 1nstrument 32 such as a pneumatic or electrically
powered apparatus. The user may remove the cutting portion
of the wire (e.g., the domed or cupped reamers) prior to use
as intramedullary fixation. One can appreciate the slots 5
along the segment of wire that resist rotation and shifting of
the distal bone on the proximal bone during the healing
phase.

FIG. 15 demonstrates the final appearance of the prepared
and fixated toe joint 33.

In one embodiment, after joint exposure the surgeon
prepares the joimnt for eirther arthroplasty or arthrodesis.
Embodiment of the above reamers are sequentially attached
to variable speed drill/wire drivers used to traditionally drive
fixation wires along the canals of the bones being atlixed.
The surgeon begins with a cup reamer (e.g., FIG. 5), which
1s placed against the end of a bone, such as the head of a
proximal phalanx. The driving device 1s engaged and the
reamer t1p rotates. The tip of the instrument 1s brought to the
center of the head of the bone to be sectioned. The instru-
ment 15 advanced forward as the wire secures the cutting
device 1n the bone and defines the center of region to be
reamed. Further advancement allows the beveled edge of the
cutting device to engage the bone that then defines the closed
perimeter and begins the bone material removal. The ream-
ing edges begin cutting and 1n centrifugal manner bone
material 1s delivered to the periphery and out of the open
flutes. The reamer 1s advanced until the head of the bone 1s
tully prepared. Upon removal of the device the head of the
bone will have the shape of a dome with an arc geometry
precisely controlled by the cutting surface. The user then
performs a similar technique on the adjacent side of the joint
using a corresponding reamer having a dome shaped cutting
tool (e.g., FIG. 1). Preparation will leave a cup-shaped
recess ol a geometry corresponding to the arcuate dimension
of the dome on the adjacent bone as well as a predrlled hole
for placement of fixation.

An embodiment not only prepares the joint for fusion but
also fixates the bones during this process. The reaming
device 1s a cutting cone/dome or cup, as the case may be, and
1s but one function along the shait of a metal wire. Proximate
to the cutting portion of the wire 1s a set of grooves or
channels in the otherwise smooth wire. These grooves serve
to prevent madvertent distraction or rotation of the bone 1t
the wire 1s used for intramedullary fixation, since bone will
occupy the space against the flattened portion of the wires,
adding increased resistance to these disruptive forces.

After joint preparation, the surgeon removes the cutting
portion from the rest of the mstrument. This can easily be
accomplished with a standard wire cutter. The wire 1s then
used 1 a manner typical of small bone fixation, first advanc-
ing out of the end of one bone, then reapproximation of the
joint to be fused and retrograde advancement into the other
bone.

Embodiments of dome and cup-shaped reamer systems
can accomplish several functions. For example, the reamer
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removes the exact amount of bone that the user desires. The
user can remove more or less bone depending on how long
the reamer 1s applied. The reamer removes bone under low
or high speed, as the user may appreciate, hastening the
operative procedure. Since the reamer creates a dome and 5
corresponding cup shape for fusion the surgeon can then
expect complete coaptation of the bone ends upon approxi-
mation. The reamer pre-drills for fixation of the bones. The
reamer can then simply be modified by removing the cutting,
surface, rendering the instrument a fixation device as well. 10
Notches along the device help to aflix the device within the
bone during healing.

The reamers 1in an embodiment are made of surgical
stainless steel or other medical grade material, as the wire
will also serve to athx the bones at least temporarily during 15
the healing process.

While embodiments of the invention have been described
with respect to a limited number of embodiments, those
skilled 1n the art will appreciate numerous modifications and
variations therefrom. It 1s intended that the appended claims 20
cover all such modifications and variations as fall within the
true spirit and scope of this present invention.

What 1s claimed 1s:

1. A small joint reaming system for arthrodesis compris-
ng: 25

a first elongate member;

a first wire (a)(1) including stainless steel, (a)(11) extending,
along a first longitudinal axis between a proximal end
and a distal end of the first wire, (a)(111) including a first
trocar tip at the distal end of the first wire; (a)(iv) 30
including a first leading segment comprising an elon-
gated rod that extends between the first trocar tip and
the first elongate member, which has a concave surface
facing the first trocar tip, and that displaces the first
trocar t1ip distally from the first elongate member; (a)(v) 35
including a first trailing segment extending proximally
from the first elongate member towards the proximal
end of the first wire;

at least one first radial through channel (b)(1) extending
through the concave surtace, (b)(11) radially extending 40
from a central portion of the first elongate member at
the first longitudinal axis towards a closed perimeter of
the first elongate member, (b)(111) with at least one
cutting edge, raised from the concave surface and
extending from the central portion of the first elongate 45
member towards the closed perimeter of the first elon-
gate member, configured to ream a convex shaped first
bone when placed 1n contact with the first bone and
rotated axially about the first longitudinal axis;

wherein (c)(1) the first leading segment, the first trailing 50
segment, and the first trocar tip couple with one another
to form a single construct; (c)(11) the first leading
segment 1s configured to center the first elongate mem-

8

ber when reaming the first bone; and (c)(111) rotation of
the first wire about the first longitudinal axis causes the
first elongate member to rotate about the first longitu-
dinal axis to ream the first bone;

wherein the first elongate member includes: (d)(1) a
concave cup, including the concave surface, configured
to ream a convex surface on the first bone, (d)(11) the
closed perimeter, located at a distal end of the first
clongate member, to define a first region to be reamed,
and (d)(111) a non-expandable circular beveled edge that
has a diameter unequal to a diameter of the closed
perimeter and which 1s located proximal to the closed
perimeter;

a second elongate member;

a second wire (e)(1) including stainless steel, (e)(11)
extending along a second longitudinal axis between a
proximal end and a distal end of the second wire,
(e)(11) 1including a second trocar tip at the distal end of
the second wire; (e)(1v) including a second leading
segment comprising an elongated rod that extends
between the second trocar tip and the second elongate
member, which has a convex surface facing the second
trocar tip, and that displaces the second trocar tip
distally from the second elongate member; (e)(v)
including a second trailing segment extending proxi-
mally from the second elongate member towards the
proximal end of the second wire;

wheremn (1)(1) the second leading segment, the second
trailing segment, and the second trocar tip couple with
one another to form another single construct; (1)(11) the
second leading segment 1s configured to center the
second elongate member when reaming a second bone;
and (1)(111) rotation of the second wire about the second
longitudinal axis causes the second elongate member to
rotate about the second longitudinal axis to ream the
second bone; and

wherein the second elongate member includes (g)(1) a
convex cup, including the convex surface, configured
to ream a concave surface on the second bone; and
(g)(11) at least one cutting edge, raised from the convex
surface and extending from a central portion of the
second eclongate member towards a perimeter of the
second elongate member, configured to ream the sec-
ond bone when placed 1n contact with the second bone
and rotated axially about the second longitudinal axis.

2. The system of claim 1, wherein the closed perimeter 1s

between the first trocar tip and a proximal end of the first
clongate member.

3. The system of claim 1, wherein the first leading

segment 15 configured to drill a pilot hole for intramedullary
fixation 1n the bone.
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